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(54) Assemblies of substrates and electronic components 



(57) An assembly of a substrate (10) and an electri- 
cal or electronic component (12), the component having 
electrically conductive leads (14) with surfaces of an al- 
loy of tin and copper and the leads (14) being soldered 
to copper based terminals (16) of the substrate (10) by 
a solder alloy (1 8) of tin and copper. Lead solder is thus 
avoided. Preferably each conductive lead (14) has a 



surface layer (22) of the alloy of tin and copper and core 
(20) within the surface layer of another material which 
remains solid at the soldering temperature of the surface 
layer (22). Also included is a method of soldering a com- 
ponent (12) with electrically conductive leads (14) hav- 
ing surfaces of tin and copper alloy to copper based ter- 
minals (16) by a solder alloy (18) of tin and copper. 
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1 EPO 

^ * Description 

k This invention relates to assemblies of substrates 
and electronic components. 

In conventional assemblies of substrates and elec- 
tronic components, electrical circuitries carried by the 
„ substrates have terminals for connection to electrical 
terminal leads of the components. For this purpose, a 
solder is used which has a lead constituent. These lead 
containing solders are known to be largely reliable for 
forming permanent electrically conductive solder joints 
between terminals and electrical conductive leads. 
However, lead, it is now realized, is an undesirable ma- 
terial to be used in industry. When used in solder, it is 
not a captive constituent of the solder material and is 
known to be environmentally unfriendly and is toxic. 
Conceivably it is dangerous for use both by the manu- 
facturing worker and by the consumer. Lead presents 
health hazards in manufacturing, disposal, and use of 
assemblies, and problems arise in the safe disposal of 
scrap materials containing lead. 

Various assemblies have been made in which lead- 
less solder has been used. However, problems are 
found during manufacturing where lead is not a compo- 
nent of solder as resultant solder joints are found to be 
unreliable as separation and cracking occurs. 

The present invention seeks to provide an assem- 
bly of substrate and electronic component which mini- 
mizes or overcomes the above lead free solder prob- 
lems. 

Accordingly, the present invention provides an as- 
sembly o( a substrate and an electrical component 
wherein the substrate has a plurality of copper based 
terminals, the component has a plurality of electrically 
conductive leads having surfaces comprising alloys of 
tin and copper, and the electrically conductive leads are 
soldered to the terminals by means of a solder alloy of 
tin and copper. 

In the assembly in a preferred and practical ar- 
rangement, each of the electrically conductive leads has 
a conductive body with a surface layer of the alloy of tin 
and copper and the conductive body necessarily re- 
mains solid, i.e., unsoftened, at the softening tempera- 
ture of the coating. 

The solder must be such that during rise in temper- 
ature, it comprises a pasty conslituent for soldering pur- 
poses at or around a specific temperature, and will so- 
lidify to provide a solder joint immediately upon removal 
of heat. A solder alloy having these requirements is pro- 
vided by tin having a weight percent at or around 99.3 
of the total weight of the solder and with the copper being 
at or around 0.7% of the total weight ol the solder. It is 
also preferable that the alloy in the coating of each elec- 
trically conductive lead has approximately the percent- 
age weights referred to above of the constituent parts 
are copper and tin. Hence, the coating and the solder 
are in the same physical pasty state at soldering tem- 
perature. This temperature is at approximately 227QC. 
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A flux to be used with the above solder according 
to the invention must be compatible with the solder. It 
must also b a flux which is operable at the desired sol- 
dering temperatures which are envisaged for the inven- 

5 tion. An organic no-clean flux is considered to be most 
desirable and this flux is one which should be active at 
the temperature which the solder alloy has the pasty 
constituent, i.e. around 227oC, and will successfully re- 
move oxides of copper and tin. Such a flux suitable for 

10 this purpose is that referred to as X39 flux manufactured 
by Muiticore Solders Inc. of Richardson, Texas. 

One embodiment of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: - 

15 

Figure 1 - is a plan view of part of a printed circuit 
board having an electronic component mounted 
therein; 

Figure 2 is a cross-sectional view taken along line 
20 ii-n in Figure 1 and to a larger scale ol part of the 
printed circuit board and showing one of the leads 
of the component secured thereto; and 
Figure 3 is a cross-sectional view of the lead taken 
along line Ill-Ill in Figure 2 and to a larger scale. 

In the embodiment as shown by Figures 1 , 2 and 3. 
a substrate comprises a printed circuit board 10 having 
mounted therein a plurality of surface components 12 
only one of which is shown by the drawings. Each of the 

3o components 1 2 has leads 1 4 which are soldered to ter- 
minal pads 16 (Figure 2) of the printed circuit board 1 0. 
In the embodiment as in the invention, the structure 
avoids the use of lead materials in the solder to be used 
for attaching the terminals permanently to the terminal 

35 pads 16. Thus, in the embodiment solder 18 located be- 
tween ends of the leads 1 4 and the terminal pads 1 6 is 
composed of a solder alloy of tin and copper. This alloy 
in this instance has a quantity of tin with a weight percent 
at-or around 99.3% of the total weight of the solder with 

40 the remainder of the solder, i.e. 0 7% of the total weight, 
being copper The solder is compatible with the copper 
terminal pads 1 6 so that a soldering operation will per- 
manently attach the solder 18 to each of the terminal 
pads. 

45 it js also necessary for the solder to be compatible 
for soldering purposes to the surface material of each 
of the leads 14. With this object in mind, each of the 
leads is formed from a core 20 having a coating of a 
material which is compatible with the solder. This coat- 

50 ing 22 in this particular case is provided by a tin copper 
alloy which is preferably of the same composition as the 
solder alloy 18. In this case, the coating 22 on each of 
the leads 14 is an alloy having tin with a weight percent 
of around 99.3 of the total weight of the coating with the 

55 remainder of the coaling, i.e. 0.7% of the total weight, 
being formed from copper. It is essential that the core 
20 of each of the leads should be formed from a material 
which not only is capable of supporting the coating 22 
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but also one which remains in an unsoftened or unmelt- 
ed condition at soldering temperatures. Thus, in this par- 
ticular embodiment, ach of the cores 20 may be formed 
from an alloy of tin, silver and copper alloy or an alloy 
such as silver palladium alloy. 

During the soldering process, which may be by 
wave soldering, reflow soldering or wire bond soldering 
techniques, the solder alloy has a pasty constituent 
which rapidly forms at a specific temperature around 
220QC or between 227 and 240QC and which upon re- 
moval of the heat immediately returns to a solid condi- 
tion. This sudden return to a solid condition is particu- 
larly important in that accuracy in fixed location of each 
of the leads 14 of the electronic component upon the 
board is an absolute necessity when subsequent proc- 
ess steps are to be followed after the soldering opera- 
tion. In addition, the flux which is to be used needs lo 
be compatible with the solder, the terminal pad 16 and 
with the coating layers 22. Such a suitable flux is -that 
known as flux X39 made by Multicore Solders Inc. of 
Richardson, Texas. This flux is known to be active at 
temperatures of around and slightly above 227QC for re- 
moval of copper tin oxides from metal surfaces. 

It is found that after the soldering operation, the sol- 
der 18 efficiently solders each of the leads 14 to the ter- 
minal pads 16. As the material of the coating layers 22 
is the same as the solder 18, then there is a fusion be- 
tween the pads 18 and the coating layers 22 so that at 
their interfaces, the layers 22 and the solder 18 become 
metallurgical^ integral. Integrity of the solder also takes 
place between the solder 18 and the terminal pads 16 
through the copper constituent of the solder. 

It is found that with the above construction, an effi- 
cient solder junction is provided between each of the 
leads 14 and its terminal pad 16. The solder junction in 
each case is reliable in manufacture and is not known 
to crack or break away. In addition to this of course the 
main object of the invention is realized in that the use of 
lead as a component of solder is avoided together with 
its attendent manufacturing use and scrap disposal 
problems. 

Claims 

1. An assembly of a substrate and an electrical com- 
ponent wherein the substrate has the plurality of 
copper based terminals, the component has a plu- 
rality of electrical conductive leads having surfaces 
comprising an alloy of tin and copper, and the elec- 
trically conductive leads are soldered to the termi- 
nals by means of a solder alloy of tin and copper. 

2. An assembly according to claim 1 wherein the sol- 
der alloy comprises tin having a weight at or around 
99.3% of the total weight of the solder and copper 
having a weight at or around 0.7% of the total weight 
of the solder. 



3. An assembly according lo claim 1 wherein each 
electrically conductive lead comprises a core of a 
material other than that of the alloy of tin and copper, 
the core being provided with a surface layer of the 

s alloy of tin and copper, and the material of the core 

remaining solid at the soldering temperature of the 
layer of metal. 

4. An assembly according to claim 3 wherein the alloy 
io of tin and copper of the layer of material on each 

electrically conductive lead comprises tin having a 
weight at or around 99.3% of the total weight of the 
layer and with the copper having a weight at or 
around 0.7% of the total weight of the layer. 

is 

5. An assembly according to claim 1 wherein the sol- 
der alloy comprises tin having a weight at or around 
99.3% of the total weight of the solder with the cop- 
per having a weight at or around 0.7% of the total 

20 weight of the solder and wherein each electrically 
conductive lead comprises a core having a surface 
layer formed of the alloy at the surface, the alloy of 
the surface layer comprising tin having a weight at 
or around 99.3% of the total weight of the layer with 

25 the copper having a weight at or around 0.7% of the 
total weight of the layer, and the core being a ma- 
terial which remains solid at the soldering temper- 
ature of the layer of the material. 

30 6. A method of spidering comprising: - 

providing an electronic component having a 
plurality of electrically conductive leads which 
have surfaces comprising an alloy of tin and 
3S copper; 

providing solder comprising an alloy of tin and 
copper and 

soldering the leads of the electronic component 
onto copper based terminals by raising the tem- 
40 perature of the terminals and of the surfaces of 

the leads at the terminal positions to the solder- 
ing temperature of the solder and with use of a 
flux which removes copper oxide and tin oxide 
at the soldering temperatures. 
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